Absfracf-A modal analysis of the problems of excitation of the dominant mode in ah optical fiber by incident plane waves and Gaussian beams has been carried out, and the results applied to the effect on transmission of misalignment in fiber junctions due to offsets, tilts, and gaps. The results in cases of matched media confirm the accuracy of previous theoretical treatments using the Born approximation, which in turn show good agreement with experimental results. In addition, the modal analysis gives more precise solutions when there is a mismatch of media and makes possible the treatment of some problems to which the Born approximation is not applicable.
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Absfracf-A modal analysis of the problems of excitation of the dominant mode in ah optical fiber by incident plane waves and Gaussian beams has been carried out, and the results applied to the effect on transmission of misalignment in fiber junctions due to offsets, tilts, and gaps. The results in cases of matched media confirm the accuracy of previous theoretical treatments using the Born approximation, which in turn show good agreement with experimental results. In addition, the modal analysis gives more precise solutions when there is a mismatch of media and makes possible the treatment of some problems to which the Born approximation is not applicable. However, if such fibers are actually to be employed as transmission channels, in the manner of transmission lines and n~icro-wave waveguides, one must be able to couple, splice, bifurcate, etc., in a way analogous to that used with those older channels. This is not a trivial technical problem, because the core of the fiber, where the fields are concentrated, is typically only a few microns in diameter so that the difficulty, for example, of aligning two fibers when splicing is critical.
The excitation of propagating modes on a fiber by various types of source illumination has been studied by Snyder [1] - [3] and Marcuse [4J both using the Born approximation.
Furthermore, splicing techniques have been developed [5] - [7] and some measurements made [7] - [9] of the effects of imperfect alignment at the interface between two uniform fibers. Most recently Cook et al.
[9] have also given a theoretical analysis of the effects of misalignment in splicing on the transmission coefficient, again making use of the Bonn approximation. The importance of such a theoretical calculation lies in the fact that it would enable one to set meaningful standards of precision which must be adhered to in the practical means used for splicing. with the fiber and propagating at an angle 6 with respect to the axis of the fiber z. The plane of the fiber axis and the direction of incidence is t,alwm to be the J, z plane, so that Ei = EO exp ( -jk3 z sin 0)~ (7) with 1cS2 = 0J3.w, ii = k sin e + 2 cm e, and an @ time dependence is assumed.
We will consider only~-polarized plane waves, which excite only modes with gl (0), VZ(0) given by (A6) with n = 1. Expressions for the other polarization could be similarly derived. Also we will assume the fields incident at z = O, but if the source w-ere at z = Z. (z. < O) with e%or a different medium in the region Z. < z < 0, the problem could be treated in a similar way by writing the continuity equations at the z = Z. and z = O interfaces and eliminating coefficients until we are left with a system relating incident and transmitted fields, as will be done in studying the effects of gaps in fiber joints.
I?oranx-polarized uniform plane wave, we obtain
with A=%sine (10) the Hi field components are obtained from (8) and (9).
We shall lhave to solve the system (2). Substitution into (3), (4) 
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with~. = P1~/b (n = %n, n~= 1,!2,. . .), where Pl~is the mth order zero of J1.
A#~. We shall now consider an incident Gaussian beam propagating at an angle 0 with respect to the axis of the fiber z. Again, the plane of the axis and the direction of incidence is taken to be the x, z plane, and the center of the beam is displaced a, distance d on the positive x-axis.
For small angles of incidence we have (24) Hi is given by (8) with
and A given by (10).
We shall consider only x-polarized beams and treat oblique incidence and offsets separately. 
Both of these expressions require numerical integration, and if both tilts and offsets were to be considered sinmltaneously, a multiplicative factor exp ( -dz/2u2) would appear and { would replace A. Fig. 3 shows two of the curves obtained [19] . Maximum values of efficiency are 99.7 percent for a = 2~and 9S.7 percent for a = 1.5P. As the radius of the core a decreases, the maXhIml decreases and the effect of tilts increases. 
indicates that they are more critical than tilts. Alignments of cores of I or 2 microns in fiber joints is not an easy task, especial] y in the field; also in the launching system there is the possibility of some misalignment.
In fibers close to cutoff of the TMOI mode an offset equal to the core radius reduces the efficiency by more than half. As the radius of the core is decreased the effect decreases, as expected. Also as u increases the effect becomes less important but then the efficiency drops and the effect of tilts increases. Born approximations for these cases can be found in [19] . 
where the cross-normalization factors N~~and ill~n are defined as in (5), (6), and where
'A An exactly similar procedure applied at z = ZOyields is good, as it was for his data on offsets as well; however, it should be emphasized that, unlike the other problems previously considered, no Born approximation solution can be obtained for thk one, and the theoretical values are the only ones available. It might also be noted that the reason the curves are relatively insensitive to the value of a/X is that the absolute transverse distribution of the fields remains nearly the same even though more of it is contained in the cladding at smaller a/L The same technique could be applied to the case of lateral displacement as well, but the lack of rotational symmetry would make the calculations of the crossnormalization factors much more complicated, requiring numerical integration.
V. SUMMARY AND CONCLUSIONS
The effect of including a conducting boundary at~"= b was found to be insignificant as long as x = b/a > 4; there was less than 0.3 percent difference between the calculated launching efficiwzcies for pipes of S-P and Q$LL radius. The type of coating used on the fiber seems to be irrelevant. 
J~ ( 
All field components have the angular dependence removed and are evaluated ,at r = a, exeept e~~( a-), which denotes the radial electric field of the core at 7" = a.
